Introduction
============

Coronary artery disease (CAD) is one of the leading causes of mortality and morbidity^[@r01],[@r02]^. Invasive conventional coronary angiography (CCA) is the gold standard technique for diagnosis and the selection of best treatment options for CAD and reveals the severity and complexity of CAD^[@r03]^. Previous studies have shown that CAD severity and complexity assessed by Gensini score and SYNTAX score (SS), respectively, are associated to increased cardiovascular events (CVE) a factor of mortality and morbidity^[@r04],[@r05]^.

CAD severity and complexity have recently attracted increasing interest for CAD evaluation based on the clinical importance and treatment challenge. Gensini and SS are easy to apply and reproducible scoring systems^[@r04],[@r06]^. SS incorporates morphological features of lesions such as total occlusion, bifurcation, length and localizations of lesions based on the myocardial area at risk^[@r07]^. Therefore, some efforts have been made for the prediction of CAD severity and complexity using non-invasive methods in order to identify the patients at high risk for CVE and treatment challenges before CCA^[@r08],[@r09]^.

Coronary artery calcification (CAC) has a role in atherosclerotic plaque formation^[@r10],[@r11]^. It was quantitated by total CAC score called Agatston score. Multidetector computerized tomography (MDCT) currently represents a noninvasive method for accurate quantification of total CAC score^[@r12],[@r13]^. The association between total CAC score and prognostic information about future cardiac events has been previously demonstrated. Some studies have shown that angiographically proven and significant CAD is related to total CAC score^[@r14]-[@r16]^.

The purpose of the present study was to investigate the association of total CAC score and CAD severity and complexity assessed by SS and Gensini score, respectively, and to find which one of the two, CAD severity or complexity, is better associated with total CAC score in symptomatic patients with accompanying significant CAD.

Methods
=======

Data was retrospectively collected between January 2012 and February 2013. We enrolled 923 consecutive patients with symptoms suggestive of CAD who underwent 64 - slice computed tomography coronary angiography (CTA) for assessment of significant CAD. Non- enhanced CT scans were obtained for total CAC score immediately before CTA. Indications for CTA were patients with low to intermediate probability of significant CAD, indeterminate diagnostic test results, high clinical suspicion for CAD and, inability to perform non-invasive tests. 709 patients were not eligible for the study. Reasons for non-inclusion are shown in [Table 1](#t01){ref-type="table"}. Therefore, the remaining 214 patients with 50% or greater luminal stenosis in any major epicardial coronary artery constituted the study population. All patients underwent CCA within two weeks after CTA and performance of CCA was not influenced by total CAC scores.

###### 

Number of ineligible patients and reasons for non-inclusion

                                                 **n: 709**
  ---------------------------------------------- -------------
  Non-significant CAD in CTA, n (%)              665 (72.1%)
  Patients with previous bypass surgery, n (%)   12 (1.3%)
  Previous coronary stent implantation, n (%)    19 (2.1%)
  End- stage renal failure, n (%)                4 (0.4%)
  History of valvular replacement, n (%)         2 (0.2%)
  Atrial fibrillation, n (%)                     6 (0.6%)
  Malignancy, n (%)                              1 (0.1%)

CAD: coronary artery disease; CTA: computed tomography coronary angiography.

SYNTAX score
------------

All patients gave informed consent before enrollment, and the study protocol was approved by the local Ethical Committee. Baseline clinical and demographic characteristics were obtained from all patients. A detailed physical examination was performed including past medical history. Complete blood count, lipid profile and serum creatinine levels were obtained from all patients before CCA. Cardiovascular risk factors were recorded. Hypertension was identified based on prior prescription of antihypertensive drugs or when blood pressure exceeded 140/90 mmHg in at least three measurements. Dyslipidemia and diabetes were defined as prior prescription of antihyperlipidemic and antidiabetic medications or total cholesterol level \> 200 mg/dL and fasting glucose levels above 126 mg/dL, respectively. Current smokers were defined as subjects with a positive history of cigarette smoking. Glomerular filtration rate (GFR) was calculated using the Cockcroft-Gault formula^[@r17]^. Body mass index (BMI) was calculated (kg/m^2^). Comprehensive two-dimensional transthoracic echocardiography including M-mode and, Doppler echocardiography, were performed by an experienced cardiologist before CCA, using a Vivid-S5, GE (United States) instrument, with a 3.6 MHZ transducer. Measurements were performed according to the American Society of Echocardiography guidelines^[@r18]^. LV end-systolic and end-diastolic volumes and ejection fraction were calculated by the Simpson biplane method.

All patients underwent selective coronary angiography, which was performed using the Judkins technique. Significant lesion was defined as a 50% or greater stenosis in the luminal diameter of any major epicardial coronary artery. The presence of significant lesions was determined based on visual estimation. Basal angiographic characteristics of patients such as diseased vessel, left main coronary artery (LMCA), left anterior descending (LAD) coronary artery; right coronary artery (RCA), circumflex coronary artery (Cx), and diseased vessel number were recorded.

SS is mainly associated with CAD complexity and it was calculated using dedicated software, which integrates two components (a) morphological features of each lesion such as dominance, chronic total occlusion (CTO), bifurcation, trifurcation, tortuosity, heavy calcification, lesion length, presence of thrombus, aorto-ostial and diffuse lesions, and (b) weighting factors of lesions based on myocardial area distal to lesion. Lesions with ≥ 50% luminal obstruction in vessels with a diameter ≥1.5 mm were added to provide SS^[@r07],[@r08]^. SS was calculated using dedicated software (version 2.11, www.syntaxscore.com) and all morphological features of each lesion included in SS were recorded.

The SS was divided into two tertiles as follows: low- intermediate risk tertile was ≤ 32 and high-risk tertile was \> 32. All angiograms were scored by two experienced interventional cardiologists who were blinded to CAC measurement data.

Gensini score
-------------

CAD severity was assessed by Gensini score, which is based on the percentage of luminal narrowing (25%: 1 point; 50%: 2 points; 75%: 4 points; 90%: 8 points; 99%: 16 points, and total occlusion: 32 points). Each coronary lesion score was calculated using percentage of luminal narrowing multiplied by coefficient of coronary segment: the left main coronary artery (LMCA) x5; the proximal segment of the left anterior descending coronary artery (LAD) x 2.5; the proximal segment of the circumflex artery (CX) x 2.5; themid-segment of the LAD x 1.5; the distal segment of the LAD, all segments of the right coronary artery (RCA) and the obtuse marginal artery x 1; and other segments x 0.5. The Gensini score was calculated by summation of individual coronary segment scores^[@r04]^.

Coronary artery calcification measurement
-----------------------------------------

CAC measurement was performed immediately before CTA in all patients. None of the patients had hyperthyroidism and all patients had sinus rhythm during the procedure. Imaging was performed using a 64 - slice CT scanner (Aquilion 64, Toshiba Medical Systems, Tochigi, Japan). CT scan for total CAC score was obtained by prospective gating with collimation (4 × 3.0 mm) with 3-mm reconstructed slice thickness. Tube current and tube voltage were 300 mA, 120 kV, respectively and gantry rotation time 0.4 s^[@r19]^.

Total CAC score was calculated using dedicated software (Vitrea2 version 3.0.9.1, Vital Images, Minnesota). Calcium based on the Agatston method was defined as the presence of a lesion with an area greater than 1 mm^2^, and peak intensity greater than 130 Hounsfield Units, which was automatically identified and marked with color by the software. All lesions were added to calculate the total CAC score by the Agatston method.

Statistical analysis
--------------------

SPSS 17.0 statistical software (SPSS Inc., Chicago, IL, USA) and MedCalc software program, release 12.3.0.0 (MedCalc Software, Belgium) were used for statistical analysis. Continuous variables were expressed as mean ± standard deviation (SD) or median and interquartile range as appropriate. Categorical variables were expressed as percentages. The Kolmogorov Smirnov test was used to test normality of distribution of continuous variables. Group means for continuous variables were compared with the Student\'s *t*-test or the Mann-Whitney U test, as appropriate. Pearson\'s or Spearman\'s correlation analysis was used for assessing correlation between total CAC score and continuous variables depending on Gaussian distributions.

To find independent associates of total CAC score, variables with a p value of ≤ 0.05 at the bivariate correlation analysis and univariate analysis were selected for multiple linear regression analyses. To account for the non-Gaussian distribution of total CAC scores, a log~10~{x+1} transformation was made. Triglyceride, glucose, red cell distribution width (RDW), left ventricle ejection fraction (LVEF), Gensini score and SS were also transformed to the natural logarithmic scale and in order to avoid co-linearity when assessing the multivariate model, independent variables were tested for intercorrelation. A two tailed p \< 0.05 was considered statistically significant. The Chi-square test examined the correlation between categorical variables and continuous variables. Inter-observer agreement of SS and Gensini score was calculated by using Bland Altman analysis and the intra class correlation coefficient was used to assess intra observer agreement. Receiver-operating characteristic (ROC) curve analysis was performed to detect the cut-off value of total CAC score in predicting SS \>32 (high-risk tertile). A p value of ≤ 0.05 was considered statistically significant.

Results
=======

The study population consisted of 214 patients, 170 (79.4%) were males with mean age of 63.5±10.8. A total of 558 lesions with 50% or greater stenosis in the luminal diameter of major epicardial coronary arteries were detected from the CCA data. Single-vessel disease was present in 44 (20.6%), 23 (10.7%), and 15 (7%) patients for LAD, RCA and Cx, respectively. Two- and three-vessel diseases were present in 37.9% and 23.8% of patients, respectively. Nineteen (8.9%) patients had a total CAC score = 0, among them, two and three-vessel disease were present in 4 (21.1%) and 1 (5.2%), respectively, while single-vessel disease was present in 14 (73.7%). Baseline clinical, laboratory and echocardiographic features of patients are shown in [Table 2](#t02){ref-type="table"}.

###### 

Baseline characteristics of the study population

  -------------------------------- -----------------
  Age (years)                      63.5 ± 10.8
  Male, n (%)                      170(79.4%)
  Diabetes mellitus, n (%)         63(29.4%)
  Hypertension, n (%)              130(60.7%)
  Current smokers, n (%)           64(29.9%)
  Dyslipidemia, n (%)              119(55.6%)
  Total cholesterol, mg/dL         206.7 ± 42.8
  HDL cholesterol, mg/dL           40.8 ± 8.8
  LDL cholesterol, mg/dL           144.5 ± 30.9
  Triglycerides, mg/dL             153(110-191.3)
  GFR, mL/min                      95.7 ± 28.8
  BMI, kg/m^2^                     27.9 ± 2.7
  Glucose, mg/dL                   105(93-124)
  Hemoglobin, g/dL                 13.8 ± 1.6
  RDW                              13.4(12.8-14.1)
  LVEF, %                          55(48-60)
  Gensini score                    34(17-64)
  SS                               13(7.0-26.1)
  Total CAC score                  192(23.0-729.8)
  **Cardiovascular medications**   
  ACE-I, n (%)                     91(42.5%)
  Beta-blocker, n (%)              124(57.9%)
  Statin, n (%)                    81(37.9%)
  Ca++ channel blocker, n (%)      27(12.6%)
  -------------------------------- -----------------

Data are expressed in numbers (percentages), mean or median and (interquartile range). Percentages are rounded. SS: SYNTAX score; BMI: body mass index; GFR: glomerular filtration rate; HDL: high density lipoprotein; LDL: low density lipoprotein; LVEF: left ventricular ejection fraction; ACE-I: angiotensin converting enzyme inhibitor; RDW: red cell distribution width; CAC: coronary artery calcium.

Independent associates of total CAC score
-----------------------------------------

Spearman\'s correlation analysis showed a significant correlation between total CAC score and SS (r: 0.577, p \< 0.001) and Gensini score (r: 0.299, p \< 0.001) ([Figure 1](#f01){ref-type="fig"}). Univariate analysis showed that male patients and patients with hypertension had significantly higher total CAC score, (p: 0.004 and p: 0.048), respectively. Total CAC score was significantly higher among patients taking angiotensin converting enzyme inhibitors (ACE-I) (p: 0.013). Bivariate correlation analysis showed that total CAC score was associated with age (r: 0.320, p \< 0.001), GFR (r: -0.236, p: 0.001), hemoglobin (r: -0.181, p: 0.008), LVEF (r: -0.268, p \< 0.001) and RDW (r: 0.186, p: 0.006).

![A and B show the association between total CAC score and SYNTAX score and Gensini score, respectively. (CAC: coronary artery calcium).](abc-102-02-0120-g01){#f01}

Multiple linear regression analysis was performed to find independent associates of total CAC score. Age (β: 0.154, p: 0.027), male gender (β: 0.126, p: 0.035) and SS (β: 0.481, p \< 0.001) were independent predictors of total CAC score. Independent associates of total CAC score are shown in [Table 3](#t03){ref-type="table"}. Results of correlation analysis between total CAC score and morphological features of lesions included in SS are shown in [Table 4](#t04){ref-type="table"}. The mean values of total CAC scores based on presence or absence of morphological features of lesions is shown in [Figure 2](#f02){ref-type="fig"}.

###### 

Association of total CAC score in multivariate linear regression analysis

  ------------------ --------------------------------------------- -------------
  **Variables**      **Standardized β -regression coefficients**   **p value**
  Age (years)        0.154                                         0.027
  GFR, mL/min        -0.064                                        0.330
  Hemoglobin, g/dL   -0.070                                        0.253
  RDW                0.105                                         0.071
  LVEF, %            -0.001                                        0.988
  Gensini score      0.030                                         0.666
  SS                 0.481                                         \<0.001
  Male               0.126                                         0.035
  Hypertension       0.038                                         0.516
  ACE-I              0.039                                         0.504
  ------------------ --------------------------------------------- -------------

SS: SYNTAX score; GFR: glomerular filtration rate; LVEF: left ventricular ejection fraction; ACE-I: angiotensin converting enzyme inhibitor; RDW: red cell distribution width; CAC: coronary artery calcium.

###### 

Association between total coronary artery calcium (CAC) score and morphological features of lesions

                            **r**   **p value**
  ------------------------- ------- -------------
  Chronic total occlusion   0.313   \<0.001
  Trifurcation              0.137   0.045
  Bifurcation               0.202   0.002
  Tortuosity                0.335   \<0.001
  Long lesion               0.420   \<0.001
  Calcification             0.751   \<0.001
  Diffuse disease           0.101   0.139
  Aorto-ostial lesion       0.355   \<0.001

![Mean values of total coronary artery calcium (CAC) score according to presence or absence of morphological features of lesions that were included in SYNTAX score (SS) such as chronic total occlusion (CTO), trifurcation (TRIF), bifurcation (BIF), tortuosity (TORT), long lesion (LONG), calcification (CALC), dıffuse disease (DIFF), aorto-ostial lesion (AO-OS).](abc-102-02-0120-g02){#f02}

Assessment of cut-off point of total CAC score for patients with SS\>32 (high SS tertile)
-----------------------------------------------------------------------------------------

ROC curve analysis was performed to detect the cut off value of total CAC score in predicting patients with SS \> 32 (high SS tertile) ([Figure 3](#f03){ref-type="fig"}). Total CAC score identified patients with SS \>32 (high SS tertile) with a specificity of 87.6% (95% CI: 81.8%-92%) and a sensitivity of 67.6% (95% CI: 50.2%-82%) and with a cut-off value of \> 809 (AUC: 0.857, 95% CI: 0.803 - 0.901, p \< 0.001).

![Receiver--operating characteristic (ROC) curves for total coronary artery calcium (CAC) score in prediction by SYNTAX score (SS) \> 32 (high risk tertile).](abc-102-02-0120-g03){#f03}

Analysis of inter- and intra-observer agreement for SS and Gensini score measurements revealed high agreement. Bland-Altman analysis and intra-class correlation for SS and Gensini score showed a mean difference of 0.1 (95% limit of agreement 3.2, -3.2) and a mean difference of -5.1 (95% limit of agreement 30.4, -40.6) as well as an intra-class correlation coefficient of 0.977 (95% CI 0.970 - 0.983) and 0.955 (95% CI 0.942 - 0.966), respectively.

Discussion
==========

The present study showed that Gensini score and SS were significantly correlated with total CAC score. However, age, male gender and SS were independently associated with total CAC score in symptomatic patients with accompanying significant CAD. For total CAC score, a cut-off value \> 809 with a specificity of 87.6% and a sensitivity of 67.6% were found for the identification of patients with SS \> 32 (high SS tertile).

CAC is mainly limited to the subintimal space of coronary arteries and may occur around the second decade of life. Calcification of atherosclerotic plaque increases according to aging and atherosclerotic progression. CAC is therefore regarded as a marker of coronary atherosclerosis^[@r20]^. Previous studies have considered the association between coronary artery disease and CAC, especially in asymptomatic patients. The prognostic value of CAC in asymptomatic patients has been shown to be independent of traditional risk factors in studies such as the Multi-Ethnic Study of Atherosclerosis (MESA)^[@r20]^. In symptomatic patients, the association between presence of CAC and obstructive CAD has been demonstrated with high sensitivity and low specificity. Therefore, more efforts have been performed for CAC utilization as a useful filter for obstructive CAD before CCA^[@r21],[@r22]^. A limited numbers of studies have examined the value of CAC for prediction of CAD severity and complexity beyond prediction of obstructive CAD in patients with symptoms suggestive of the disease^[@r09],[@r23]^.

Schmermund et al^[@r09]^ reported that CAC score determined through the Agatston method predicts the angiographic extent of CAD in symptomatic patients. Extent of CAD was interpreted as the percentage of flow-limiting luminal narrowing. Likewise, Budoff et al^[@r16]^ reported similar results in symptomatic patients. In the present study, total CAC score was not independently associated with CAD severity assessed by Gensini score, although it was significantly correlated with Gensini score. Our study results did not contradict the results of these two previous studies, because of the different methods used. Our explanations about the results of the present study are: first of all, Gensini score is based on the percentage of luminal narrowing and coefficient of coronary segment that was affected. The percentage of luminal narrowing had a considerable impact on the scoring system and all lesions with ≥ 25% luminal narrowing that were included in the calculation. Previous studies have reported that not all coronary plaques are calcified and CAC score was weakly correlated with severity of luminal stenosis^[@r24],[@r25]^. Therefore, Gensini score may not be associated with total CAC score. Secondly, the association between Gensini score and total CAC score was decreased depending on the effects of traditional risk factors and SS on the Gensini score. Intercorrelation was tested in order to avoid collinearity.

Our study results were compatible with previous reports that age and male gender are independently associated with total CAC score^[@r20]^. The association between total CAC score and SS was evaluated first by Stähli et al^[@r23]^, who previously demonstrated higher Agatston scores in patients treated by complex percutaneous coronary interventions (PCIs) defined as use of the buddy wire technique, kissing balloon, necessity of high pressure balloon, pre or post-dilation and use of a rotablator^[@r23]^. In contrast to the definition of complex PCI by Stähli et al., the SS we used to define complex PCI has been shown in previous studies to be associated with cardiovascular mortality and treatment challenges^[@r05],[@r07]^. SS incorporates a number of morphological features of lesions, such as CTO, bifurcation, trifurcation, tortuosity, heavy calcification, lesion length, aorto-ostial and diffuse lesions. Presence of calcification in CTO and right coronary ostial lesions was demonstrated by Srivatsa et al^[@r26]^ and Popma et al^[@r27]^, respectively. These findings support our study results. Additionally, calcification of lesions adds two points to the scoring system. All morphologic features of lesions were significantly correlated with total CAC score, except for diffuse disease. An association between coronary calcification and endothelial dysfunction and impaired myocardial blood flow in patients with angiographically normal coronary has been previously demonstrated^[@r28]-[@r30]^. Altered coronary blood flow in the presence of coronary calcification may affect atherosclerotic plaque progression and formation, which constitute the main determinants of complex CAD formation. Altered coronary blood flow may cause lesion formations including tortuosity, bifurcation or ostial lesion depending on impaired flow dynamics.

Conclusion
==========

Total CAC score was independently associated with complexity of CAD assessed by SS. Studies have shown that SS is associated with increased cardiovascular mortality and treatment challenge^[@r05],[@r07]^. Total CAC score measurement represents a non-invasively anatomical imaging of coronary arteries with a relatively small radiation exposure. Therefore, in clinical practice, total CAC score measurement may predict cardiovascular mortality and treatment challenge before CCA in symptomatic patients with accompanying significant CAD.

Limitations
===========

The study population was relatively small. Quantification of lesions was performed according to visual estimation. However, all angiograms were scored by two experienced interventional cardiologists. Analysis of our study was based on per-patient, rather than per-vessel levels. Therefore, CAC score per-coronary artery was not included in the study. Some large-scale studies, such as MESA, have reported that CAC was less predictive on a per-vessel than on a per patient level. 64-slice MDCT determines coronary calcium with a slice thickness of 3-mm, which may result in missing low levels of coronary calcium. However, many authors concluded that MDCT is equivalent to electron beam tomography for CAC scoring. In our study, the Agatston method was used for CAC scoring, while other methods such as mass score and calcium volume score were not included. However, many published studies have been based on the Agatston method and we continue to use this method in clinical practice.
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